The purpose of this research was to explore students' problem-solving skills through inquiry-based learning with PhET simulation, focussed on direct current electricity matter. The research used a mixed method approach with an embedded experimental model with 34 prospective physics teacher at the State University of Jambi, Indonesia. The data was obtained by using open-ended questions. Data were collected using tests and interviews regarding inquiry-based learning with PhET simulations. Data analysis was done by using Kruskal Wallis test and rubric for physics problem-solving skills. Problem-solving skills were classified into the scientific approach, plug and chug (structured manner and unstructured manner), memory-based approach, and no clear approach. The research showed that there are many students with solving problems using unstructured methods, memorybased approach and no clear approach, which then influences students' problemsolving skills. The students who applied a scientific approach had better problemsolving skills than students using the other approaches. Thus, student problemsolving skills are influenced by the type of approach used in solving the problem.
INTRODUCTION
Problem-solving is one of the key factors of science education (Ceberiol et al., 2016; Ibrahim & Rebello, 2012) , including physics education (Adams & Wieman, 2015; Docktor & Mestre, 2014; Docktor et al., 2010) . Problem-solving is one of the aspects of physics learning goals in university, based on the mastery of physics concepts (Sutopo, A problem-solving approach is one of the most significant topics of problem-solving research. A problem-solving approach is related to various ways used by the students to solve the problems connected to experience, perception, and understanding of a certain phenomenon (Walsh et al., 2007) . A problem-solving approach is linked with the mathematical process, concept application, physical and verbal link, and graph and diagrammatic representations used by the students in problem-solving (Kohl & Finkeilstein, 2005) .
While research on problem-solving has been much conducted, the concept of direct current electricity connected to the problem-solving skills has been rarely conducted. Some researchers of physics education usually assess problem-solving skills focusing on characteristics and reasoning (Docktor et al., 2016) , and the ability to connect various representations linked with physics concepts (Ceberiol et al., 2016) without considering the approach type used by the student.
In the topic on direct current electricity, concepts such as Ohm Law, current, and voltage within the series and parallel circuits, Kirchoff Law about current and voltage as well as the Law of Energy and charge conservation are prerequisite concepts that should be understood in problem-solving (Riantoni et al., 2017) . Some researchers report that students have misconceptions regarding these prerequisites, for example, students have difficulty in describing and interpreting a circuit diagram (Engelhardt & Beichner, 2004; Kock et al., 2014; Stetetzer et al., 2013) and they are confused about the concept of current, potential difference, and resistor (Engelhardt & Beichner, 2004; Smith & Kampent, 2011; Kock et al., 2014) . Some students considered current and resistor as the main concept, while the voltage was considered as the consequence of the current and that it does not become the resistor (Kock et al., 2014; Engelhardt & Beichner, 2004) .
Inquiry-based learning can be implemented to overcome the issue of misconceptions. Inquiry-based learning provides students with direct experience (Hardianti & Kuswanto, 2017) and involves them as active participants in solving problems (Zuckerman et al., 2009; Lotter et al., 2009 ) so that the learning process helps the student to solve the problem (Walsh et al., 2007) . The use of inquiry in learning can
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The use of media in inquiry-based learning can help facilitate the learning process. That media can be a PhET simulation. The integration of PhET simulation and inquiry-based learning can build a conceptual understanding of physics through exploration (Perkins et al., 2006) and be used to analyze the results of a problem-solving activity (Caberiol et al., 2016) . This article aims to describe the use of an approach used by prospective physics teachers in solving problems, especially those linked to the direct current electricity topic, by using inquiry-based learning with PhET simulations, and its influence on problem-solving skills.
REVIEW OF LITERATURE

Problem Solving Skills
Problem-solving is a complex cognitive process and research in this field is related to cognitive psychology (Docktor & Mestre, 2014) . Problem-solving in physics education is often represented in the form of abstract symbols that ignore the physical meaning of a concept. In fact, if we want students to learn and understand how to use symbolic representations that are part of the process (eg, the mathematical description of the process) then we must relate abstract concepts with more concrete descriptions (Rosengrant, et al., 2009 ).
Some physics education researchers have investigated student problem-solving skills by observing how their expert and novice behaviors solve physics problems. Some findings indicate that the expert problem-solving type begins by describing problem information qualitatively and using information to find a solution strategy before providing an answer (Walsh, et al., 2007; Ogilvie, 2009; Hull, et al., 2013; Docktor & Mestre, 2014; Docktor, et al., 2016) . Students who are novice types begin to provide answers that are matched by the statement of problems and mathematical skills (Walsh, et al., 2007; Rosengrant, et al., 2009; Hull, et al., 2013; Docktor, et al., 2016) . Expert-type students apply principles or concepts in problem solving in an organized manner (Rosengrant, et al., 2009; Ogilve, 2009; 2011; Hull, et al., 2013; Docktor, et al., 2016) , whereas novicetype students focus on quantitative values in problems, such as variables in known problems (Rosengrant, et al., 2009) . Expert type students organize their knowledge in a highly structured manner while novice type student's strategies are not based on knowledge structures, their understanding consists of random facts and has little conceptual meaning (Walsh, et al., 2007; Hull, et al., 2013) . Expert type students have a way to simplify problem-solving, while novice-type students are slower in finding alternatives if they have difficulty (Hull, et al., 2013) . Expert type students have a strong conceptual understanding, while novice-type students have low conceptual understanding, math skills, and the ability to apply knowledge and this becomes an obstacle in problem-solving (Hull, et al., 2013) .
According to Docktor et al. (2015) , problem-solving skills consist of two levels, namely, explicit problem solving and traditional problem-solving. Meanwhile, Walsh et al. (2007) state that problem-solving skills can be classified into five levels; a scientific approach, a structured manner plug-and-chug, an unstructured manner plug-and-chug, a memory-based approach and no clear approach. The problem-solving skills levels mentioned by Docktor et al. (2015) and Walsh et al. (2007) have a similar goal in that they assess the problem-solving process based on conceptual steps.
Inquiry-Based Learning with PhET Simulations
Inquiry-based learning has many definitions. Inquiry-based learning views students as active thinkers who build their own understanding of interactions with phenomena, the environment, and other individuals (Pizzolato, et al., 2014) . Inquiry-based learning begins by asking questions, finding answers, understanding and studying thoroughly like a scientist (Bilgin, 2009 ).
PhET Simulations is a project at the University of Colorado that develops a simulation tool focused on physics learning (Finkelstein, et al., 2005; Perkins, et al., 2006; Wieman, et al., 2010) . This simulation is an accurate visual simulation model and represents dynamically from the principles of physics (Finkelstein, et al., 2005) . PhET simulation uses a research-based approach that incorporates previous findings and selftesting to create simulations that support student engagement and understanding of physics concepts (Perkins, et al., 2006) .
The PhEt simulation is a The Virtual Physics Lab. The Virtual Physics Lab is a nextgeneration computerized resource that seeks to incorporate research-based activelearning characteristics. The labs were developed to provide a variety of problemsolving activities that can be completed during class time. Students can work alone or in small groups to complete the labs and they receive rapid feedback from the computer simulation (Darrah, et al., 2014) . The virtual labs have the advantage of being easier to use and in some cases safer than physical laboratories, and they are easily accessible at all times (Zacharia & Jong, 2014; Caberiol, et al., 2016) .
PhET simulations use dynamic graphs to animate the visual and conceptual models used by physicists. In many cases, the simulations show what the eye does not normally see, such as atoms, electrons, photons, and electric fields (Finkelstein, et al., 2005; Perkin, et al., 2006; Wieman, et al., 2010) . All of PhET simulations directly complement the students' actions with animation (Perkin, et al., 2006) . The advantages of PhET simulations are that they give students the opportunity to interact with dynamic visuals, focus on exploring inquiry, providing fast feedback and experience using multiple representations (Moore, 2013) .
Learning in real and virtual labs (PhET interactive simulations) has advantages and disadvantages for students, so when learning in a real laboratory is combined with PhET interactive simulations on guided inquiry, learning the advantages and disadvantages of both can complement each other. Learning with PhET simulations has the benefit of being able to make the invisible appear and provide multiple representations (macroscopic, microscopic, graphics, etc.) of abstract concepts (Caberiol, et al., 2016) that can be applied in the problem-solving process. Instruction, October 2018 • Vol.11, No.4 
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Research Design
This research used a mixed method approach with an embedded experimental model Mixed methods research is a design for collecting, analyzing, and mixing both quantitative and qualitative research (or data) in a single study or series of studies to understand a research problem (Cresswell & Clark, 2007) . The research design used in this research is shown in Figure 1 . 
Participants
Participants in the research were first-year Physics Education Department students at the State University of Jambi, Indonesia. Sampling was done by purposive sampling technique. Participants included both males (n = 4) and females (n = 30). All students used inquiry-based learning with PhET simulations.
Research Instruments
Research data was collected by test and interview. The test instrument used was a multiple-choice questionnaire of DIRECT (determining and interpreting resistive electric circuit concept) (Engelhardt & Beichner, 2004) . Interviews using an unstructured technique were conducted on all students to confirm their answers and to explore their problem-solving skills on direct-current electrical problems. To determine the validity and reliability of the questions, the test items were checked empirically. The empirical test results are shown in Table 1 . 
Procedure
The research began with a pre-test and interview to determine the initial problemsolving skills of students in solving material direct current electricity. In addition, interviews were conducted to confirm student answers. The second stage was the implementation of inquiry-based learning with PhET simulations. The syntax of inquirybased learning consists of orienting and asking questions, hypothesis generation, planning, investigations, analysis and interpretation, model exploration and creation, conclusion and evaluation, communication and prediction (Bell, et al 2010) . While the PhET simulation is applied in the exploration and creation stage in order to explore, test, revise and strengthen the results of the investigation. The third stage was post-test and interview.
Data Analysis
Data were analyzed quantitatively and qualitatively to find the characteristics of students' problem-solving skills and their changes after inquiry-based learning with PhET simulations, as well as the effect of inquiry-based learning with PhET Simulation toward problem-solving skills. Qualitative data analysis was done by the reduction of the test result and an interview. Data reduction results were then classified according to the problem-solving skills criteria as shown in Table 2 . (Walsh et al., 2007) International Journal of Instruction, October 2018 • Vol.11, No.4 The analysis was done by the prerequisite test of normality and homogeneity and a further test. A normality test is done by using the Kolmogorov Smirnov test. Data is normally distributed if the value of significance obtained is greater than the level of significance (p > 0.05). The homogeneity test was conducted using the Levene test. Homogeneous variances when the value of significance obtained is greater than the level of significance (p > 0.05). Further test statistic used in this research was Kruskal Wallis Test.
FINDINGS AND DISCUSSION
Description of Approach Type Used by the Students in Problem-Solving
Grouping the approach type used by the students in solving the problem of direct current electricity was done to identify the tendency of the approach type applied by the students after they were taught by using inquiry-based learning with PhET simulations. The results showed that before the students were taught using inquiry-based learning with PhET simulations, their problem-solving approach was 14.28% of the students applied an unstructured manner and 85.7% of those who used no clear approach. After the intervention, the approach type used by the students changed. Figure 2 shows the change in problem-solving approach type applied by the students who had been taught using inquiry-based learning with PhET simulations. 
Example of Scientific Approach Application
The scientific approach is one of the problem solving approaches that use concepts in problem-solving process. The students who applied the scientific approach always started the problem-solving process by analyzing the problems qualitatively. They planned the solution systematically, applied the concept and evaluated the problemsolving result (Walsh et al., 2007) .
Based on the data, 25.71% of the students, or nine students from 34 students, applied the scientific approach in problem-solving after they were taught using inquiry-based learning with PhET simulations. These results show the change in student's problemsolving patterns when solving the problem of direct current electricity compared to their previous methods that tended to use no clear approach and an unstructured manner.
Problem Solving Skills on Direct Current Electricity through …
International Journal of Instruction, October 2018 • Vol.11, No.4 The use of a scientific approach by the students was also supported by the interview data as follows. The student's answer in the interview shows the beginning problem-solving process. Students try to explain the answer by analyzing the problem in detail first. Students then elaborate the answer systematically. This shows that there is a suitability of student problem-solving process with scientific approach characteristics.
The Example of the Application of Structured Manner Plug-And-Chug Approach
The students who applied the structured manner approach in problem-solving always started the process by analyzing the problem based on the formulation. They planned the solution based on the variable of the problem, explained the answer systematically, applying the concept in problem-solving, and evaluated the answer (Walsh et al., 2007) . Based on Figure 2 , 17.14% of the students, or six people from 34 students, used a structured manner model in problem-solving after they were taught using inquiry-based learning with PhET simulations. This result shows that there was an increase in student numbers applying a structured manner compared to before they were taught using inquiry-based learning with PhET simulations.
The process of student's problem-solving using structured manner approach was supported by the interview results The interview results show that the students analyzed the circuit based on the formulation at the beginning of the problem-solving process. This case is supported by the student who stated that "When I find out by using formulation when the switch was opened, the current did not flow in the second resistor. This case caused the circuit became series between the resistance 3 and resistance." The test and interview showed the suitability of student's explanation and the characteristics of a structured manner approach.
Example of the Application of Unstructured Manner Plug-and-Chug Approach
The students who solved the problems by using an unstructured manner always started the problem-solving process by analyzing the problems based on the variable of the problem. After that, the students determined the equation that would be used based on the variables that had been written by using trial and error and they tended to not to evaluate the answer (Walsh et al., 2007) . Based on Figure 2 , 28.57% of students applied an unstructured manner in solving the problem of direct current electricity after they were taught by using a combination of guided inquiry with PhET simulations. In this research, a structured way is the most used approach by students in problem-solving compared to other approaches.
The student's problem-solving process is aligned with the criteria of an unstructured manner approach. This case is strengthened by the following interview results. Instruction, October 2018 • Vol.11, No.4 The interview result shows that when solving the problem, the student identifies the equation first and then solves the problem by using the equation. Additionally, the student did not evaluate the results of the problem-solving process resulting in a wrong answer. The results of test and interview showed the problem-solving process used by students was aligned with the criteria of an unstructured manner approach.
Example of Memory-Based Approach Application
The students who applied the memory-based approach to solving the problems always started the problem-solving process by matching the variable with a problem they had solved before (Walsh et al., 2007) . In addition, the students who applied a memorybased approach did not use the concept in problem-solving as well. Figure 3 shows a student answer using a memory-based approach to solve a problem. The method of problem-solving used by the student above was similar to the student who used an unstructured manner approach, but if we examine the interview results, we find that the student's approach was more aligned with the criteria of a memory-based approach. The results of interview transcript are presented as follows: 
I had tried to find the I, but to find out the potential difference, I don't understand."
Interview results show that the approach used by the student is a memory-based approach. This was observed when the student was asked to explain how to get the answer. The student stated that the process of coming to a solution was based on c a)
International Journal of Instruction, October 2018 • Vol.11, No.4 exercises he had done before. All test and interview criteria indicate that the type of approach used by this student is a memory-based approach.
Example of No Clear Approach Application
The students who applied no clear approach to solve the problems usually did not apply the concept in prpblem solving process. They usually did the solving process randomly, did not focus on the problem, got difficulty in the explaining the process and tended to focus on the variables given in the item and used the terms in the solving process (Walsh et al., 2007) .
Based on the results of the test and interview, 22.85% of the students, or eight people of 35 students, applied no clear approach in the process of solving the problem of direct current electricity after they were taught by using guided inquiry learning helped by PhET. The use of a variable as a term was also supported by the interview data as follows. Test results and interviews showed that the students solved the problem based on the criteria of no clear approach. This is observed when students explain the process of getting answers randomly without any mathematical process and using only those terms. In addition, students are confused and have no mastery of concepts, such as currents and stresses, in finding the answers.
Classifying the type of approach in problem-solving aims to understand students' thinking skills about direct current electric problems. Before they were taught using inquiry-based learning with PhET simulations, students tended to apply unstructured ways and there was no clear approach in the problem-solving process. This happened because students did not understand the concept of direct electrical current that must be applied in the problem-solving process. This result is in accordance with Docktor & Mestre's (2014) statement that the strategy in problem-solving is usually based on applying the relevant concepts or principles of physics and planning concept applications under special conditions. The results of other studies on trends in approaches used in solving problems on energy and electric power topics also indicate that the problem-solving approach widely used by students is not a clear approach (Riantoni et al., 2017) .
After inquiry-based learning with PhET simulations were introduced, some changes occurred to the problem-solving strategies used by some students to become more scientific, structured, and memory-based. Inquiry-based learning with PhET simulations influenced the change of approach used by the students in problem-solving. The changes of the approach used might be caused by the effect of students' learning experience since this case was relevant to the explanation of Ibrahim & Rebello (2012) stating that the effect of understanding and experience with the topic learned can stimulate the approach change used in problem-solving. One of the most effective influences was the use of PhET since the use of PhET as the virtual laboratory can support in developing and changing the conceptual; and help the students to understand the physical phenomena in any scopes of physics learning (Martinez et al., 2011) which is beneficial in the problem-solving process.
Inquiry-based learning has invited students to investigate and analyze the experimental results and to train students to solve the problem based on the data. This learning helps students develop problem-solving skills of physics in daily life so that the results of this study showed an increase in the problem-solving skills. Although there is a better chance of improving the problem-solving approach, the findings of this research showed that there were few students who could apply a scientific approach. This occurred because many students did not analyze problems qualitatively in the problem-solving process, such as simplifying the circuit diagram and describing the problems; an important aspect in starting the problem-solving process. The results of this research supported Meltzer's (2005) research which stated that qualitative analysis of the problem is a key factor in problem-solving and students often have difficulty to do such a thing. The qualitative analysis of making a diagram is included in problem-solving solutions to understand better the problem and the visualization of the problem (Ibrahim & Rebello, 2012) . Only the few students used a scientific approach in the process of problem-solving of direct current electric because students did not understand the concept since one of the factors influencing the approach used by the students in problem-solving is their conceptual understanding and experience (Ibrahim & Rebello, 2012) . The results of this research were supported by Riantoni, et al. (2017) research showing that only one student out of 44 could apply the scientific approach to the problem-solving process.
Another interesting finding in this research was on students using structured manner plug-and-chug approaches. The structured manner plug-and-chug approach was used by students who usually use a scientific approach to solve the problem of direct current electricity. It is used by students when they solve problems with difficulty level problems that are not too high (Walsh et al., 2007) . That means that the students used a scientific approach when they finished the problem with the higher difficulty level and needed analysis as well as formulation manipulation. In addition, those students who were successful in mathematics also tended to use plug and chug in the problem-solving process (Kohl & Finkelistein, 2005) . Other research results also show that students do not use the same approach to solve problems involving similar physics principles. If the problem is different, then most students use logic rather than using the principles of physics to answer the problem of conceptual physics (Mason & Singh, 2016) .
International Journal of Instruction, October 2018 • Vol.11, No.4 The result of Kruskal Wallis test showed that scores of chi-square is 17:23 with a significance of 0.002 (<0.05). These results indicate that there are significant differences in student problem-solving skills based on the type of approach used. That is, the type of approach that students use has a significant effect on problem-solving skills. There is a difference between the unstructured manner plug-and-chug approach, memory-based approach and no clear approach. Students using the unstructured manner plug-and-chug approach, memory-based approach and no clear approach do not always reflect good concept mastery. Most students understand the concept of direct current electricity and others have difficulty in applying concepts in the problem-solving process. This problem happened because the students might still hold tightly the way of thinking about the three approaches. This case was in line with the statement of Sabella & Redish (2007) who mentioned that a bad problem-solving process was possible when students held tightly to certain knowledge structures as a response of certain problems so that if the knowledge structure activated did not have the information needed for such a problem, the students could not access the knowledge needed to solve it. The findings of the research indicate that students who used the unstructured manner approach, plug and chug approach, memory-based approach and no clear approach in the problemsolving process did not always understand the concept but the difficulty arose in applying the concept in the problem-solving process. This problem occurs probably because students still have a mindset of the three approaches before. This case supports Sabella & Redish (2007) who states that difficulties in solving problems can occur because students still use certain knowledge structures so that the knowledge-enabled structure does not provide the information needed for the problem Students cannot remember the knowledge needed to solve the problem even though they had that knowledge before.
This research showed that the type of problem-solving approach used by the students can influence problem-solving skills. A scientific approach is the best approach that can be used to be successful in problem-solving. The skills needed to solve the problem are complex and require an organized conceptual understanding, relevant procedural knowledge and a metacognition strategy to enable someone to formulate a strategy, implement it, and evaluate the solution from many perspectives (Ogilvie, 2009) .
CONCLUSION
There are five types of approaches in problem-solving, such as the scientific approach, plug and chug, the memory-based approach and no clear approach, as feasible ways to find solutions on direct electrical problems. The results of this research showed that a few students solve problems by using a scientific and structured approach. Students tend to use unstructured, memory-based approaches, and no clear approach. The results of this research conclude that students should be trained to solve problems by using various types of approaches in active learning, such as inquiry-based learning with PhET simulations. The learning uses a scientific approach designed to improve students' problem-solving skills. The results of this research recommend to the future researchers to explore aspects of conceptual mastery and conceptual change with appropriate learning strategies to develop problem-solving skills.
